INTRODUCTION
Warm salty water spreads into the northern North Atlantic, where it is cooled primarily by evaporation. Ironically, this is a consequence of its anomalously high temperature relative to the atmosphere [Warren, 1983] . This in turn maintains relatively high salinity and density despite an abundance of precipitation. The cooled salty water sinks to the deep ocean, marking the formation of North Atlantic Deep Water (NADW) [Warren, 1981; Killworth, 1983] . The NADW from the two northern sites (Labrador Sea and the Greenland SeaNorwegian Sea overflow), with a mean temperature and salinity of approximately 2øC and 34.93%0 (the northern component defined by Broecker et al., [1976] and Broecker and Peng [1982] ), spreads to the south within the deep western boundary current, being joined by the saltier outflow from the Mediterranean Sea. The NADW water mass influences most of the global ocean [Reid and Lynn, 1971] . Warren [1981] , reviewing the estimates of NADW formation rate, arrives at a number of 14 Sv (1 Sv = 106 m3/s). Broecker [1979] , using radiocarbon data, suggests a formation rate of greater than 20 Sv. The two northern components account for over 90% of the NADW volume flux.
The process of NADW formation is self-perpetuating in that as the surface layer water sinks and is exported southward within the deep layer, more upper layer water is drawn into the northern North Atlantic. This in turn drives the high evaporation rates continuing the NADW formation process. The choice for the separation between the two layers varies, but only slightly, among authors. Gordon and Piola [1983] , noting that the salty characteristic of NADW is incorporated into the Antarctic circumpolar belt below the ao density of 27.6 [Georgi, 1981] , place water less dense than that value within the upper layer (this includes the thermocline and intermediate water). The density interval from ao of 27.7 to if2 of 36.82 divides the upper and lower layers in the inverse method approaches [Roemmich, 180; Roemmich and Wunsch, 1985] . McCartney and Talley's [1984] separation between northward and southward flow falls near 4øC, which coincides more or less with the 27.7 ao.
Broecker and Peng [1982] in their discussion of the upper layer feed for NADW point out that the upper layer water must have about the same nutrient concentrations as NADW, since there is no significant source or sink of nutrients in the North Atlantic. In their The NADW upwells within the world ocean, returning water to the upper layer within the Antarctic region and into the thermocline. Antarctic and thermocline upwelling may be coupled in that deep water upwelling around Antarctica contributes to the formation of Antarctic Intermediate Water, which then spreads below the thermocline and upwells into the thermocline. There are two routes by which the upper layer water can return to the Atlantic Ocean, though they are not mutually exclusive: the cold water route within the Drake Passage, in which AAIW and Subantarctic Mode Water (SAMW) pass into the South Atlantic [Georgi, 1979; Piola and Georgi, 1982; McCartney, 1977] , and the warm water route, in which Indian Ocean thermocline water is introduced to the South Atlantic south of Africa . It is proposed that the warm water route is the more important. bers are not overly significant, since the assumptions are not likely to be strictly followed, but they do provide some "ball park" estimates which can be compared with other, independent determinations.
The following section attempts to show supporting evidence for key links of the proposed interocean warm water route.
EVIDENCE FOR THE WARM WATER ROUTE lndonesian Through Flow
The most comprehensive physical oceanographic work on the Indonesian seas is that of Wyrtki [1957 Wyrtki [ , 1961 . southern terminus of the African continent, separating from the margin near 22øE. After separation it executes an abrupt anticyclonic turn to the east in what is referred to as the Agulhas retroflection [Bang, 1970] . The dynamics of the retroflection are addressed by de Ruijter [1982] and Ou and de . Not all of the Agulhas water participates in the retroflection. Using the Knorr November-December 1983 hydrographic data set, , personal communication, 1985) . A relation between sea surface temperature in the Indon½sian seas and Southern Oscillation-E1 Nifio events, with a few months' lead of the temperature anomalies, has been reported [Nicholls, 1984] . This relation may be a manifestation of larger-scale variability, as the heat content of the tropical Pacific is observed to gradually increase prior to an E1 Nifio event [Wyrtki, 1985a, b] .
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